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Hovel receptor tyrosine kinase protein and isoforms 
thereof which are expressed only in cells of the 
endothelial lineage, and DHIW segments encoding the novtel 
protein and isofonns thereof are disclosed. Methods for 
Identifying iigands which are capable of binding to the 
receptor protein and methods for screening for agonist or 
antagonist substances of the interaction of the protein 
and a ligand are also disclosed. 



m m EKCBTPTED «h . ^ « ^ 

05/18/99 11:21 FAX 416 862 7661 



B&P ^Ue No. 3153-066/LMK 



1^004 



2085291 



10 



- 1 - 

■Pitie s Hwel Receptor Tyrosine Kinase 
pTBTJl C3fg i-ffii TWVKWifXOM 

The invention xelatea to a novel tyrosine kinase receptor 
protein and isoforms thereof, DHA segments encoding the 
novel protein and isofonns thereof, and uses of the 
protein and DNA segments. 

Transmembrane receptor tyrosine kinases (RTKs) comprise a 
large and evolutionarily conserved family of structoirally 
related proteins capable of transducing extracellular 
signals to the cytoplasm. The latent oncogenic potential 
of these molecules and the molecular mechanisms by whxch 
they function in signalling pathways have been rhe subject 
of extensive study. 

in addition, genetic and biochemical analyses of a variety 
of developmental mutants have led to recognition of the 
pivotal roles played by BTK-mediated signalling pathways 
in the regulation of cell determination, migration, and 
proliferation. Notable examples in Drosophila include the 
role of sevenless and its ligand, bride of sevenZe^^, in 
R7 photoreceptor determination (Kramer, H., Cagan, R.I.. & 
Zipursky, S.I.. Cl"l). ''^ture, 352, 207-212), and of 
DBR/flb in early morphogenetic events during gastrulation 
rSchejter, B.D. ^ Shilo, B.-a. (1989), Cell, 56, 
25 1093-1104). Similarly, in the mouse, loss of function 
mutations at the w/c-*it (Geissler, B-N-, Rayn. M.A. & 
Housman, D.E- (1988), Cell, 55, 185-192; Chabot, B-, 
Stephenson, D.A., Chapman, V.M., Besmer, P. 6 Bernstein, 
A (1988), mature, 335, 88-89) and Si (Russell, E.S. 
(1979), Adv.Genet-, 20, 357-459) loci have revealed the 
importance of the Kit receptor and its ligand in 
melanogenesis, hematopoiesis, and gametogenesis (Dubreuil, 
P., Rottapel, R., Relish. ^.D., Forrester. ^ 
Bernstein, A. (1990), Ann- ff.T- Acad. Sci., 599, 58-65, 



15 



20 



30 
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Utlliams, D-E., Biseifflian, J., Balrd, A., Haueh, C, 
Ness. K.V., March, C.J., Park, L.S.. Hartin, V., 
Mochlzuki, D.Y., Boswell, H-S., BurgesB, G.S-, Cosman, D- 
6 Lyman. S.D- (1990), Cell, 63, 167-174; C«j«land, ».G. , 

5 Gilbert. D.J.. Cho, B.C., Donovan, P. J-, Jenkins, H.A., 
Cosman, D. Anderson, D-, Lyr^an, S-D. Willia»B, D-E. 
(1990), cell, 63, 175-183 and Flanagan, J.G- 6 I^der, P- 
(1990). cell. 63, 185-194) while a deletion in the gene 
encoding PD6FR-a has been correlated i.i1:h the Patch 

10 imitation, which also causes a defect in melanogenesis ( 
Stephenson, D.A., Hercola, M., Anderson, B-, W^g, C 
Stiles, CD.. Boven-Pope, D.F. s Chapman, V.M. (1991), 
Proc.JTatl.Acad.Sci.. 88, 6-10). These observations, 
together with otrhers (reviewed in Pawson, T. S Bemstexn, 

15 A (1991), rrends Gen., 6. 350-356), have established the 
Unportance of ' receptor- ligand interactions in the 
regulation of development. 

Anglogenesis in both the enibryo and adult requires the 
differentiation, proliferation, and migration of 
20 endothelial cells. Tissue transplantation studies wxth 
quail/chick chimeras have established that the 
developmental cues for both endothelial cell 
differentiation and proper patterning of vessels axe 
extracellular and not pre-programmed within the cell 
25 (Noden, D.M. (1988) Development, 103, 121-140) Several 
peptide hormones, such as bFGP. VEGP and PD-EGF, have been 
shown to have both mitogenic and chemotactic effects on 
cultured endothelial cells (see Tomasi, v., Manica, F. & 
Spisni. B. (1990), BioFactors, 2, 213-217, Rlagsbrun. M. 
30 & D'Aiuore, P. (1991), Anno. Rev. Physiol. , 53, 217-239, for 
reviews). However, many of these factors also show 
siinilax effects on other cell types, Unplying that 
receptors for these factors are also expressed by such 
cells . 

35 Studies have demonstrated that both tyrosine kinase 
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activity and pHosphotyrosine-containing proteins 
increased in embryonic chicken heart relative to the adult 
(Uaher, P.A. (1991). J.Cell Biol., 112, 955-963), and that 
inhibitors of kinase activity iippede inductive processes 
5 during in vitro differentiation of cardiac explants 
derived from chicken embryos (Runyan, R.B., Potts, J.D., 
Sharma, R.V., Irf>eber, CP., Chiang, J- J. 5 Bhalla, R-C. 
(1990), Cell aesr- , 1, 301-313). 

10 The present inventors have identified and characterised a 
receptor tyrosine kinase that plays a critical role in 
murine cardiogenesis . The/heart forms early in mouse 
embryogenesis and its development is known to be 
accompanied by the differentiation from mesoderm of 
15 myocytes and endothelial cells that subsequently form the 
myocardium and endocardium, respectively (Banasek, F.J. 
(1976), in The Cell Surface in Animal Embryogenesis and 
Development, p.545-59B, Elsevier /North-Holland Biomedical 
Press; Kaufman, M-H. a Mavaratnam, v. (1981), J.Anat., 
20 133, 235-246). There have not hitherto been any reports 
of directed screens for tyrosine kinases expressed during 
murine cardiogenesis. 

In particular, the present inventors using reverse 
t:ranscription coupled to the polymerase chain reaction 

25 (RT-PCR) isolated from murine embryonic heart a cDHA, 
designated tok, whose deduced amino acid sequence 
corresponds to a novel RTK. The tek locus of mouse vas 
mapped to chromosome 4. The present inventors have also 
shown by in sitn hybridisation that tek is expressed in 

30 the endocardium as well as the endothelial lining of the 
vasculature. tek was also found to be expressed in both 
mature endothelial cells and their progenitors, suggesting 
that the signalling pathways regulated by tok may be 
iiiqportant to both the determination and proliferation of 
35 cells of the endothelial lineage. 
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The present invention therefore provides a purified and 
isolated DMA segment having a sequence which codes for a 
receptor tyrosine kinase protein which is expressed only 
in cells of endothelial lineage, or an oligonucleotide 
5 fragment of the DNA segment which is unique to the 
receptor tyrosine kinase protein of the Invention. In a 
preferred embodiment of the invention, the purified and 
isolated DMA segment has the sequence as shown in 
Figure 1. 

10 The invention also cont^plates a double stranded 
nucleotide sequence comprising a DHA segment of the 
invention or an oligonucleotide fragment thereof hydrogen 
l>onded to a complementary nucleotide base sequence. 

The invention further cohteiinplates a recombinant molecule 
15 comprising a DHA segment , of the invention or an 
oligonucleotide fragment thereof and an expression control 
sequence operatlvely linked to the DHA segment or 
oligonucleotide fragment. A transformant host cell 
including a recombinant molecule of the invention is also 
20 provided. 

Still further, this invention provides plasmids which 
comprise the DMA segment of the invention. 

The invention further provides a method of preparing a 
novel receptor tyrosine kinase protein or isoforms thereof 

25 utilizing the purified and isolated DMA segments of the 
invention- The method comprises culturing a transformant 
host cell including a recombinant molecule comprising a 
DUA segment of the invention and an expression control 
sequence operatively linked to J the DMA segment, in a 

30 suitable medium until the protein is formed and thereafter 
isolating the protein. . : 

The invention further broadly contemplates a substantially 
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pure receptor tyrosine kinase protein or a part thereof, 
which is expressed only in cells of endothelial lineage. 

The invention also permits the construction of nucleotide 
probes which are unique: to>^:he novel receptor tyrosine 

5 kinase protein of the invention or a part of the protein. 
Thus, the invention also relates to a probe comprising a 
nucleotide sequence coding for a protein, which displays 
the properties of the novel ireceptor tyrosine kinase of 
the invention or a peptide unique to the protein. The 

10 probe may be labelled, : for example, with a radioactive 
substance and it may be used: to select from a mixture of 
nucleotide sequences a nucleotide sequence coding for a 
protein which displays the properties of the novel 
receptor tyrosine kinase protein of the invention. 

IS The invention provides a method for identifying ligands 
which are capable of ; binding to the novel receptor 
tyrosine kinase protein oi the invention, isoforms 
thereof, or part of the- protein, comprising reacting the 
novel receptor kinase protein of the invention, isoforms 
20 thereof, or part of the proteiii, with at least one ligand 
which potentially is capable of binding to the protein, 
isoform or part of the protein,: under conditions which 
permit the formation of lig4nd-rebeptor protein complexes, 
and assaying for ligand-redeptor protein complexes, for 
25 free ligand or for non-conqplexed proteins . In a preferred 
embodiment of the method, ligands are identified which are 
capable of binding to Md . activating the novel receptor 
tyrosine kinase protein - of the invention, isoforms 
thereof, or part of the prbt^in. The ligands which bind to 
30 and activate the novel ■ receptor .tyrosine kinase receptor 
of the invention are identified by assaying for protein 
tyrosine kinase activity i.e by assaying for 
phosphotyrosine . 

In addition, the invention provides a method of using the 
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novel proteins of the indention for assaying a mediiun for 
the presence of a substinc^ that affects a tek effector 
system. I» accordance With one embodiment, a method Is 
provided which comprises: providing a known concentration 

S of a receptor tyrosine kinase protein of the invention, 
incubating the protein yith: a ligand which is capable of 
binding to the protelji arid a suspected agonist or 
antagonist substance uiider-; eionditions which permit the 
formation of ligand-receptor protein complexes, and 

10 assaying for ligand-receptor: protein complexes, for free 
ligand or for non-compleied proteins . 

The methods of the inventibn/make it possible to screen a 
large number of potential .i ligands for theUr ability to 
bind to the novel receptor proteins of the present 
15 invention. The methods of : the invention will also be 
useful for identifying pi.tential stimulators or inhibitors 
of angiogenesis . 

The invention will be b^tt^r^ understood with reference to 
20 • the drawings in whicht -. 

Figure 1 shows the nucleotide and deduced amino acid 
sequence of the novel r^cBi.ttir tyxosUie kinase protein of 
the invention? :. 

Figure 2 shows the nucleotide and deduced amino acid 
25 sequence of a 1601 bp bNA - segment of the invention; 

Figure 3 shows a compaiistoiri of a portion of the deduced 
amino acid sequence of ithev novel receptor tyrosine kinase 
protein of the invention: -With that of orher tyrosine 
kinases; 

30 Figure 4 shows a Morthibrn^^iiiot hybridization analysis of 
expression of the DNA 6;egment of the invention in 12.5 day 
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^^^^^ ^ the ijii situ hybridization anaiysis of 

e^ssi^n^ the DNA se^ent; oi the invention in the 12-5 
day embxyo? 



5 Figure 6 sHowb tho expriesion of tKe DHA sagment of the 
invention p^cedas thati of : von WiHebrand factor in 8.5 
day embryos; 



Figure 7 shows 



sxpreaiion iof the DNA segment of the 
mention in whole n^unt ; embryos (A. , B., and C-)? 
10 expression in Day 8.0 ^ryos (D.); mHHA distribution in 
a Day 9-5 embryo (E.); and Bn2 expression in a Day 8 
embryo (F.)J 

Figure 8 shows the expire ssibn of the DMA segment of the 
invention precedes that of von Willebrand factor in the 
15 developing leptdmeningeb and in particular the absence of 
immunohistochemical staining of von Willebrand factor xn 
Day 12.5 leptomeninges ; (A);; in situ detection of trek 
expression in Day 12.5 ileptomeninges(B) ; staining of von 
Willebrand factor in Diy 14 .; 5 leptomeningee (C) ? 

20 Figure 9 shows the expissicin of tek in adult vasculature 
and in particular bright field illumination of a section 
t:hrough the upper heart region of a 3 week-old mouse 
hybridized with an [''S] -labelled tek probe (A)? brxght 
field illumination showing itek expression in endothelial 

25 cells lining the arteryjand vein respectively (B) and (C); 
and 

Figure 10 sh«is the tiez^arcW of the endothelial cell 
lineage. ■. 

30 The present inventors haVe- isolated a novel protein 
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tyroslJie kinase ;designate4. :teA, expressed during murina 
cardlogenesis . By analyzing ! the segregation of an Accl 
restriction sit^ polymorphism in AKR/j:PBA recombinant 
inbred mice, the present iiiveintdrB mapped the tek locus to 
5 chromosome 4, b^ween thei byovh and loci. This 

region is syntenic with hiini^ chromosomal regions lp22-23, 
9q31-33, and 9p22-13. In imice and hunans, these regions 
do not contain any previon^iiy described loci known to be 
Involved with the biology bf i the endothelial cell lineage 
IQ (Lyon, M.r. i Searle, A.G. Genetic Variants and strains of 

the laboratory Mouse, New T^ork: Oxford University Press, 

1989, 2nd, Kd- ; -O'Brien, ISftO) 

The novel gene products of the invention were identified 
as mouse receptor tyrosine = kinase protein based on the 

15 structural homology of : the; protein to the known mouse and 
human tyrosine kinases. The deduced amino acid sequence of 
tek predicts that it eneodeei a putative receptor tyrosine 
kinase that contains a 21 : amino acid kinase insert and 
which is most closely related in its catalytic domain to 

20 FGFRl (mouse fibroblast grb^h factor) and the product of 
the ret proto-oncogene - 

Morthem blot hybridization; analysis of RNA from 12.5 day 
embryonic heart usingther^l.S kb cOKX as probe suggested 
25 that the tek locus gives xise to at least 4 different 
transcripts of : approximately 4.5, 2.7, 2.2, and 0.8 kb. 
Differential splicing; of primary transcripts is known to 
occur for several genes ; iehcdding RTKs, including met 
(Rodrigues, G'A., Naiijofcas, M.A. i Park, M- (1991), 
30 Hol. cell. Biol.; 11, 2952-2;970), trJa (Mlddlemas, D.S., 
Lindberg, R.A.: 6 Hunter,; !!. (1991), Hol. Cell. B±ol . , 11, 
143-153), ret> (Tahlxa, j i^, , Ishizaka, Y, , Itoh, P., 
Suglaiura, T. aJlJagao, M. i;1990j. Oncogene, 5, 97-102), and 
fig (Reid et al., 1990, Pioc.Matl.Acad.Sci. ,87,1596-1600; 
35 Bernard, O. . li, K. Reid> H.H; (1991), ProcNatl .Acad 
Sci.VSA, 88, 7625-7629; EisM»aim, A., Ahn, J.A. , Graziani, 
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Ro^il ,!>■ (1991). Oncogene, 6. 
Ohtk^jiM.y Kawasaki, T. & Itoh, ». 
(1991). Biochem.lBiophxB. Res^ CpiUin. , 174, 946-951; Meng, 
B. & Held, H.H. ?(1991) ' Prbcf..»atl .Acad-Sci . , 7625-7629), 
favoring the pbssliility Ht^at at least some of the 
smaller tranBcripta hybridiking with the tek cDHA are 
differearially spliced. oSi^; 4.5>1> tek transcript is of 
the appropriate size to;; lencode a molecule with an 
extensive extrabellular doniain- In contrast, the smallest 
transcript, at 5o.8 kb> is • Sufficient to encode only a 
significantly truncated version of the protein. Since 
this transcript vas detected : with a probe comprised 
entirely of sequences ^ f rdm i th^ batalytic domain and 3 
untranslated region, it Is: possible that the 0.8 kb 
message codes ^ for ah iic^brm : completely lackxng an 
extracellular dbmain, Triinbated molecules of this type 
have recently b^en shown td eincoded by the t^*^ fene in 
rats (Middlemas 
and by pdgrfb in 



20 I<ee, P., 



Mark, 



Mol. Call. Biol, , 



25 



30 



35 



et al.; 1991 y Mol. Cell. Biol. , 11, 143-153) 
murine Bstd^lls ((Vu, T.H., Martin, G.B. , 
D.. wangj; * l-*"^- (1989), 

9^ 4563-456'ir) - : These small isoforms may 
act is catalytiibally dere^iWted ^molecules during periods 
of rapid growth; (Middlema^ i^t :al, , 1991). The detection 
of multiple iek trknscWiipts: may indicate potential 
differential ea^ression of i^iff erent tek isoforms during 
embryogenesis. • ' 

in the adult and all stai^ea; bf embryonic development 
examined, teJt Expression I V^s Restricted to cells of the 
endothelial liAeage. Specifically, in situ hybridization 
analysis of adiilt tissues; .is. well as sectioned and whole 
mount embryos,? showed thatftei is specifically expressed 
in the endocaritum, the ibptomeiiinges and the endothelial 
lining of the| vascuiatuigl fK)m the earliest stages of 
their develo^ent. / I^orebver, examination of the 
morphology of Itek-expre^iig :cblls, and staging of tek 
expression relitive to XX^X^oi t^ endothelial cell marker 
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von Wlllebrand Tf actor . r^aied that teJt ia express d 
prior to von wlllebrand f^ttdr; and appears to niark the 
«d.ryonic progei^tors of m^ti^ia Jendothelial cells. Thus, 
tek encodes a no^l ^^^^^^ tyrosine kinase that 
be criticaliy involved ^|in ^ the determination and/or 
maintenance of (Sella of th^jettdothelial lineage - 

overall, the paltern dt eij^ksibn observed in sectioned 
and whole »ou^t mou^e ^^oa. was similar to that 
described previously ior Ugiail 1 embryos stained with a 
monoclonal anti^ speci^cf for : cells of the endothelial 
lineage (Pard^aud, : i.. Altmann. C, Kxtos, P., 
Dieterlen-Lievr^, i Bt^fe;: t.A, (1987). I>evelop«»ent, 
100, 339-349; I coffin, J^?^^ * 

Development, 102, 7i5~l^m •'M"^' ^^^^"^^ ^^^""^ 

15 orchestration 4f vasculatii^ion in the two vertebrate 
species is sixuilax.:!^: ^Studies on cell lineage 

relations carried out ipriBi^iiy in the chick (Noden, D.M. 
(1989), Am.»ev5Bespir-Di^i;|^:l*0, 1097-1103, and Koden, 
D-«. (1990), ^- n,t: J&^^Sci.. 1, 236.249; O'Brien 
20 S.J. Genetic «ip3, iocus :^4ps ^ of complex Genomes. Cold 
spring Harbor iaboraliorrn^feaa,; 1990) have established 
that endothelial cells ar^:dbiived from angioblasts, which 
migrate froa Inesodera ajdi I populate the embryo w:Lth 
precursor celia th4t ^vfiitially contribute to the 
25 formation of tlie intraembiii|pic blood vessels - 

Figure 10 shoWs the J hieiftc^lry ' of the endothelial cell 
lineage. Horiiontal bars^i^iiate the relationship between 
cellular deteritinatibi aid^itmset of ejcpression of teAr and 
von Willebrandi factoi within^the lineage (adapted from 

30 (Wagner, R.C. l(19B0)i Adi^^cre^irc . , 9, 45-75). In the 
yolk sac, anliobla^s kfe i thought to originate froni 
heinangioblast4 ill-def lA^^; c^e^^l^ °* mesenchymal origin 
that are alsol believed HL6|i give- rise to primitive blood 
cells in the developing blbbd; islets . In the embryo, on 

35 the other han4 angi^ibla^t^lvWire thought to arise directly 
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from cells of tlie mesench^a|. 'anlage (Wagner, 1980). 

The present i^ventor^' liiblrk i suggested that tek is 
ejcpressed in the presTunptiV^i ^irecnrsors of endothelial 
cells, the ang^oblastB. i^^vj First , teJc expression was 
detected in both von wUl^b^aiid: factor-positive cells as 
well as cells that appear fe^ be progenitors of endothelxal 
cells. Second,! teJc expression ^; Was observed in cells of 
non-endothelialimorphologi|^^hat;:±n the avian system have 
been identified Iprevio^slyEi^ aigioblasts . It may also be 
significant thal^ in th^ 8 . sV^ay i^=yo ' expression was 
identified in cllls extendiLiyg ilAaneath the ventral surface 
of somites (Pi^re 6J) . ig^Uaiysis of serial sections 
revealed that Some of th^^e! t6*-expres8ing cells were 
actually conti|uous withji^; somites. These cells may 
15 correspond to those desciia^d; : by Beddington, R.S.P. & 
Martin, P. (19S9). «ol.#il:i«ed., 6, 263-274 who showed 
in mouse tissue transpitintation studies that lacZ- 
expressing somite tiBsue;^:;iwhilW devoid of endothelial 
cells prior to ^transplantation;; ^possess cells capable of 
20 migrating and c|ntributingt^;;the^ host vasculature. Taken 
together, the present, inventors:': work suggests that teJc 
expression con^titlge^j ^ iihe earliest mammalian 

endothelial cefL lineage ^alrkeir idescribed to date. 

The restricted|e>tpresiio^|vijf ;t^ic, imposes constraints on 
25 the cellular r^ge of activity iof the putative Tek ligand, 
and suggests tliat the ^teJ^gtodufe "^probably plays unique and 
Important roles in ithegljletermination, migration, or 
proliferation |f cell^ ot||he endothelial lineage. 

AB hereinbefole mention^^i^ present inventors have 

30 identified andiBequenbed::lai1cl>H»; sequence encoding a novel 
receptor tyrosine kinase Jjili^i^liv designated tek. The DNA 
sequence and |educedi; airfi^*> Ji Mid sequence are shown in 
Figure 1. DHS- se^aenpe;:. : and deduced amino acid 

sequence of a |.601 bji seginent^^ie shown, in Figure 2. 
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DHA segments of hhQ presertt :;ihTOii^^ encoding the novel 
receptor tyroQin^ kinase protiein;: :cif the present invention 
or related or aaialogoue sei^erices may be isolated and 



synthesizing cDNAS from 
RT-^PCB using degenerate 



sequenced, for example, 
embryonic heart RNAf. b^: 

oligonucleotide ^1 primers ii^&ibh Ij^lify tyrosine kinase 
sequences such ^ias the titfo;^ degenerate tyrosine kinase 
oligonucleotide f primer a descirib^ by Wilks , A . ((1989) 
Proc.ltatl .Acad.Sal - , 86 , :|i;603-:l:6b7 ) and analyzing the 
sequences of th^ clones obtsii^ amplification. 
DHA segments of ^Ithe present lihvieiit ion encoding the novel 
receptor tyrosine kinase pi:otein::bf the present invention 
may also be constructed; :;by : chemical synthesis and 
enzymatic ligation readt ions 'using procedures know in the 
15 art. 

It will be ai>preciated ; that the invention includes 
nucleotide or amino acid si^quencieis which have substantial 
sequence homolbgy with the nucleotide and amino acid 
sequences shown^| in Pigiires 1 ai?;d:; 2. The term "sequences 

20 having substantial sequence ■ homology'' means those 
nucleotide and 'amino acid sequences which have slight or 
inconsequential^:; sequence yariatiw from the sequences 
disclosed in Figures 1 :and 2 ; i .e :; the homologous sequences 
function in substantially the! same manner to produce 

25 substantially vjthe same ' polypeptides as the actual 
sequences. Th^ variations mayl^^b^ attributable to local 
mutations or structtirai modifications. 

It will also Jibe apgreciart;ed:r;:that a double stranded 
nucleotide seiqjience Jcotnprisiiig;..: a D39A segment of the 

30 ijivention or artioligon^cleibtide:: fragment thereof, hydrogen 
bonded to a coriqplementary |n^cl base sequence, an R»A 

made by transcription jjof ?ii:iLis ^ciiibled stranded nucleotide 
sequence, and an antisen^e};^trand of a DMA segment of the 
invention or ian oli^oniicieb^.i^^ fragment of the DNA 

35 segment, are |conteii$ilaileii ^ the scope of the 
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A number of unl^e TBB%rLc^^ph bequences for restriction 
enzyjBes axe tncc^orat©ti ik|^ segments identified in 

Figures 1, ahd these ^~y>rWiiie:; access to nucleotide 
sequences whicl| code |:vfor|::k^lyp^P^ unique to the 

aceceptor tyrosine IdLna^e prqtein of the invention, 
DUA sequences Wque |:io ; tyrosine Kinase 

protein of the itiventlbh orilsof^ thereof, can also be 
constructed by xihemicai syiiidhbsis and enzymatic ligation 
reactions carried out by pJii^edureB 3cnown in the art. 



The DNA segment ?iof the pres^^ iir^ having a sequence 

whicK codes for the receptdr^ kinase protein of 

the invention, 6r an bligoiiicleotide fragment of the DUA 
segment way b^l incorpora^d : in ; a known manner into a 

X5 recombinant molecule which - e;nsures good expression of the 
protein or paf^t thereof i : i Ih ^;: g^ a recombinant 

molecule of the= invention contains the DNA segment or an 
oligonucleotide;! fragment therWbf : of the invention and an 
expression control seqiuence joperatively linked to the OKA 

20 segment or oli^bnuclebtide: fx^agmra^ The DNA segment of 
the invention <£c an o]a;gon]^i^^IeQt^^^ fragment thereof, may 
be incorporate*? into ai^pla^iuid vector, for example, pECB- 

The receptor t^i^osinelkinase pirotein or isof orms or parts 
thereof, may b^- obtaixied b^Uxprc^ssion in a suitable host 

25 cell using teclmlques^.kno^ :the art. Suitable host 
cells include prokaxy<^tic::br .euJc^ organisms or cell 
lines, for example, y^astfcg^^ "colA and mouse NIH 3B cells 
may be used asfhost cWiIeBj : The iprotein or parts thereof 
may be prepar^ by cheioical syidthe^ using techniques 

30 well known infthB clcikmi^^T P^ P^^^ such as solid 
phase synthesik (MerriJEi|llj;^ ^ 19(64 , J. Am. Chem, Assoc, 
852 2149-2154) % or syntlt^is : in homogenous solution 
(Houbenweyl, i^^87, Hetho^ of : 0^^ chemistry, ed* 
Wansch, Vol. 1$ X and;ClI>gThie^^ Stuttgart) • 



Bit NbT DKSTPTB "Ti 
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The segments of the! |||iiiveiition or oligonucXeo-cide 

fragments of the! DNA se^gmeii^ , allow those slcilled in the 
art to construct nucleo^i^e jprobea for nse in the 
detection of nucleotidiej seq^paces in biological mateiriala . 
A nucleotide p^be may bi^labelied with a radioactive 
label ^hich prbvides ;foi^§$^ signal and has 

sufficient half^^^f® ^^ci^||s: *2p, i^c or the like. 

Other l^>el3 which may be: l||ed include antigens that are 
recognized by 4 specif ic :|^elied antibody, fluorescent: 
compounds, enz^es, aiitit|d|.e3 : specific for a labelled 
antigen, and chfemilumihesc^^s; ^ An appropriate label may 
be selected having regard i^Si^th^ rate of hybridization and 
binding of the ^^robe tb tfee;;nucieotide to be detected and 
the amount of hiicleotide 4?.4^1able for hybridization. 

15 The nucleotide! probe^ b^ used to detect genes , 

preferably in hriman cells /r^E^at encode proteins related to 
or analogous tb! the xecep^^r^^ t^ kinase protein of 

the invention. T: V: '] ; 



25 



The receptor tyi-osine kinase protein of the invention or 
parts thereof,! may be tised: to prepare monoclonal or 
polyclonal antibodies ^: Cc||^©ntional methods can be used 
to prepare the Antibodies .^.{^iAs ito the details relating to 
the preparatioiti of monOclqiiSilj an^ reference can be 

made to Goding| J-W./ MoS^lo^al Antibodies; Principles 
and Practice, 2hd Ed.^: Ac^emip Press, l^ndon, 1986- fFhe 
polyclonal or ibnocloiial ioaiibodies may be used to detect 
the receptor t:^osijne;3ciii^fe protein of the invention in 
various biologiiral ma1^i^,-.if>r example they may be used 
in an Elisa, jiradiolmmunoMsa;^ histochemical tests. 

30 Thus, the antlbbdies niay iiefisjus;^ quantify the airiount of 
a receptor tyrosine Icinaiseipr^ojzain of the invention in a 
sample in ortfer to IdBt^tne [ its role in particular 
cellular events or patholp.^ca?. : states. 

The finding of | a nov^ re^|pt6r tyroeino kinase which is 
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only expressed cells! of eindothelial lineage permits 
th& identification of suba|t^icea i-e. ligande, which may 



^ff^^.^ angiogen^sis aiid/oi^inaintenance of cells of the 

Srheref ore. 



endothelial lineage. :]There|ore , in accordance with a 
method of the inyentioiij lig^^s, and natural and synthetic 
derivatives of i|ach ligaiid||| which are capable of binding 



to the receptorjityrosine k^Sj^se protein of the invention 

part of the 
Jifivolves 



isof onns thereof , or{ 
identified. The 



method 



protein may be 
reacting the novel 



10 receptor Icinase protein ||f ' : the Invention , isof orms 
thereof, or part of thb prafeein ifith at least one ligand 
which potentially is papaSle of binding to the protein^ 
Isoform or part! of the p|§texn, under conditions which 
permit the fonnajtion of lic^iiidrreceptor protein complexes, 
15 and assaying f^T ligand^recBpTior protein complexes, for 
free ligand or for norij-coi^E^xed proteins - 

•^i ' j '■ ■ . ; 

The ligand-receptor proteiS|&crtitplexes,. free ligand or non^ 
con^lexed prol^ins rece|i|br^ ligand complex, may be 
isolated by coiiventiona||:| isolation techniques, for 

20 example, salting out, cjhro|||ogfraphy, electrophoresis, gel 
filtration, f r4:t^ic>nat|ion||^sorption, polyacrylamide gel 
electrophoreBi4 aggl^i^^o^' or combinations thereof, 
TO facilitate |the a$Bay|j^^f : the components, antibody 
against the receptor pjrotein or the ligand, or a labelled 

25 receptor proteiii, or 4 ^^l^^^ ligand may be utilized* 

The receptor protein 
various enzymes, fiuoreScent 

materials and i^dioactjive g|terials . Examples of suitable 
enzymes includ| horsei:adji| peroxidase, biotin, alkaline 
30 phosphatase , 4-9Silac1-osi|^e / or acetylcholinesterase ; 
examples of iuitabie ijpiof esicent materials include 
umbelliferone, I fluore|3ceM| fluorescein isothiocyanate, 
rhodamine, diihlorotriax^ylamine fluorescein, dansyl 
chloride or p%coerythri^ an example of a luminescent 
35 material includes lumii^ : and examples of suitable 



orllSiigand may be labelled with 
materials , luminescent 
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radioactive mateirial Ihcl^k^J radioactive phosphorous ^^P, 
Iodine I^^'r l""^^ tritiiiinil^li 

:i 

Radioactive labelled 
radio 1 abel ing W i t h 
(Greenwood et 7; al. 



ma1:S|ial9 may be prepared by 
chloramlne-T tnethod 
BiocpTO* Jl aa:114, 1963), the 
lactoperoaiidaBel method ( I^||bbalohi.s et al, Biochein- J* 
i24;921, 1971)1 the Boltl||--Hiinter method (Bolton and 
Hunter. Biochem| J- lllt5p| 1973 and Bolton Review 18, 
Amersham International I.in|i|bd, Buckinghamshire, England, 
1977), the iodbgen metholi|[( Fr aker and Speck, Bioehem* 
Biophys- Res- Ccnnmun- flfitSpl 1978), the lodo-beads method 



20 



25 



30 



(Harkwell Anal . ^jBiochem - 
reductive xnethy 
25^58842, 1980)1 



1427^ 1982) or with tritium by 



Biol . Chejn . 



reductive methyl at ion ®^ 

Known coupling Methods (fc^|example Wilson and JJakane^ in 
"imirtunofluoreBcence and ^nilated/ Staining Techniques- 



Knapp et aj;, eda. 



ill. 



• Elsevier /North-Holland, 



Amsterdaxn & Ney York, 19M I*, Tijssen and B. Kurstak, 
Anal- Biochem.| AMt451, tt»4) inay be used to prepare 
ensiyme labelled?! materials Jpluorescent labelled materials 

•ilcejacting 



may be preps^ed by 
unibelliferone, :|f luoresceiini^ 
dichlorotr iaz injf lamine 



the material with 
fluorescein isothiocyanate , 
dansyl chloride , 



fi^iorescein, 

■ ^ip^ 

derivatives of |i rhodaniine jpjach as tetramethyl rhodamine 



isothiocyanate or phycoeiplfehrin . 

■I - =it^| ■ 

The receptor priotein or l|;|r^d used in the method of the 
invention may bb insolubi3i||ed- For example, the receptor 
protein or li^nd may b^||>ound : to a suitable carrier. 
Examples of suitable; caipLers are agarose, cellulose, 
dextran, Sephajdex, Sephi||se, carboxymethyl cellulose 



polystyrene, :^lter pap^§ ion-exchange resin, plastic 
film, plastic llube, glass|peadB,; polyamine-methyl vinyl- 
ether-maleic |cid copoSpiier, amino acid copolymer, 
ethylene-maleic acid coiMl^Qr, nylon, silk, etc. The 



"-=1 

I" 



20 



IP 



i-li 
:| 

i 



pla^e, beads, d&c, spherejjj^c. 



25 
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carrier may be fii the Bhapap|f^ for example, a tiibe, t st 



The insolubilized receptOTf protein or ligand may bo 
prepared by reacting tl^i| material with a suitable 



5 insoluble carriler using ; 



i^cnown 



chemical or physical 



methods, for exaimple, cyanogen bromide coupling. 

Conditions T*hicfii permit thpsfformation of ligand-recept 
protein complex^* ^^llr^^** having regard to factors 

such as the nature and aycjuhts of the ligand and the 



or 



10 receptor proteii^. 



In a preferred!; embodimert^ 



^^|bf the method, ligands are 
identified whicK are capab|!^6f binding to and activating 
the no'^rel receptor tyrdaibie kinase protein of the 
invention. In tSiie method;||i^ ligands which bind to and 
15 activate the nofjjel receptcg|l tyrosine kinase receptor of 
the invention ^re identi||pd by assaying for protein 
tyrosine kinase acitivii]E|[^ x.& by assaying for 
phosphorylatioh^iof the tyroskne residues of the receptor. 

'II- ; 



Protein tyrosine kinaise a#^^^^y assayed using 

known techniques such as ^^se using antiphosphotyrosine 

' ' ^phosphorous . For example , 



antibodies anclj 
iimnunoblo t s o f j 



labelled 



the 



COD 



li^xes : may be analyzed by 
autoradiographyij ('^p-iabellM samples) or may be blocked 
and probed With antipiiS:|photyxoBine antibodies as 
described in K6cb/ C-A. etl|i|l (1989) Mol. Cell. Biol, 9, 
4131-4140. 



30 



As hereinbe£oreimentiohed,ille invention provides a method 
of using the noyel proteii^|pf the invention for assaying 



a medium for the presenceurc^ 



a substance that affects a 



1:ek effector system • In j^gticular the method may be use 
to detect a suspected a^nist or antagonist of a tek 
effector systeA. The agdSilist or antagonist may be an 
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endogenous physiological s^atance or it may be a natxiral 

or synthetic drug* Ji!ii. 

The term " tek ^ffector 8y&||an" used herein refers to the 
interactionfi of|k ligand, «^p| the ireceptor tyrosine kinase 
protein of the:|Lnvention, li|id includes the binding of a 
ligand to the r&eptor protpln or any modifications to the 
receptor associlted there^^ilh, to: form a ligand/receptor 
complex and aci|Lvating ty|osiiie kinase activity therety 
affecting signalling pathwd|| , particularly those involved 
in the regulation of angiop^esis. 

'I -ilp • 

In accordance with one emiigciiment, a method is provided 
which comprise! providing{||a loiown concentration of a 
receptor tyrosine lcinase|| protein of the invention, 

\^ the protein, incubating the 
i||r part of the protfein, with a 
iiiSf binding to the protein, 



25 



isoforms thereof # or part 
protein f isoforite thereof; 
ligand which :|s capable; 
isoforms thereof ^ or part 1c|i the protein, and a suspected 
agonist or antagonist suj|||bance ; under conditions which 
permit the f orro|tion of li^|d-receptor protein complexes , 
and assaying f|r ligand-regeptor- protein complexes, for 
free ligand or i^or non-com|i|exed proteins • 



. .-I 

1 



The ligand-rec^tor comple|^| free; ligand or non-complexed 
proteins may ^!e assayed described above. Suitable 

ligands used ij| the assay ||^thod: may be identified using 
the methods desicribed abo^ag The ligand may be a natural 
ligand or a synthetic derivgfcive having similar biological 
activity. 



'.ij 



•Pit 



30 



The invention:! also ma3cep| it possible to screen for 
antagonists thit inhibit ||||e effects of an agonist of a 
tek effector raystemr but;lf|do not have any biological 
activity in thJ tek effeci:||' system* Thus, the invention 
may be used to^^ssay for a||^ibstance that competes for the 
same ligand-binding site j^ the ^ novel receptor tyrosine 



11 
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It will be under stood thajdithe 

J- 



or jnore o f the- 



binding slL^e on 
kinase or the .ligand, inc%dihg 
con^etltive 



15 ^ 



assayed ualng the methods cfgthe invention may act on one 



antagonist 



binjcLLng 



antagonist bind^g sites or^iallosteric sites. 



The methods of the invent ibail make 



large number 



I. 



potential 



10 bind to the novel receptor 



it possible to screen a 
^^igands for their ability to 
tlyrosine kinase protein of the 



The following xion-limiting 
IS the present invention 



substances that can be 



the receptor tyrosine 
agonist binding s ites , 
sites , non-competitive 



present invent^n- The i n^thods of the invention are 
therefore use£uj| for identi^||ying potential stimulators or 
Inhibitors of ahgiogenesis^ 



lexampies are illustrative of 



The following miaterials andji|methbds vere utilized in the 



investigations outlined in 

■I •: 

• T-l 



were 



t:He examples; 



AKr/J, DBA, and|AKR/J x DBJF .|l:ecbmbinant inbred mouse DNAs 
obtained :^rom Jacksbnl iLabs (Bar Harbor, itfaine), 



digested with Ajccl, blottea|t6 Zeta-Probe nylon membrane 

(tie 1-6 kb teJc cDNA labelled by 
i.P. a Vogelstein, B» (1983) 

• ; 

jl| Hybridization was performed 
in 200 irtp sodium phosphate pH7-0/ 7% 
sulfate (SDS), 1% bovine serum albumin 
EDTA. Filtj^ were washed twice at 55* in 



(Bio«-Rad), and jgrobed with 
random priming: |(Feinberg^ 
Analyt .fliochem.;| 132, 6-13 
overnight at S%' 
sodium dodecyl^ 

(BSA)r 1 ™» 

2 X S5C (1 X fSC= 0-15 
pH7.0) and 0.1%nSDS and tw 



and exposed oveicnight to koSak.XAR-5 film. 



^iSlaCl, : 0-015 M sodium citrate 



iSe in 0.2 x SSC and 0.1% SDS, 



I 



1 



1^022 
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Mice 

Snibryos and adii'^b mouse tissues were obtained from random 
bred CD-I stocii (Charles iniver, Quebec) . Embryos were 
staged as Day OljS on the mprhihg of a vaginal plug. 

5 RMA. purification 



and analyslis. . 



Total RNA vas esctracted from|poolB of 30 to 40 Day 9.S and 
12.5 murine enilryonic he^s with RHAzol (CUJKA/BIOTECX 
Lab. Xnt.)/ wiilh some addfed. modifications. Briefly, 
tissues were washed with ice cold phosphate buffered 
ID saline (PBS) a!nd homogenized in 2.S ml of RNAzol. 
Chloroform (2565 ^1) was added . and the tubes were mixed 
vigorously and: | then chille|l on ice for 15 min- The 
suspension was centrifugedifor 15 min at 4" after which the 
aqueous phase collected! and re-extracted twice more 

15 with phenol /chloroform/ispamyl alcohol (35:2451; 
vol:vol:vol) - IThe RNA ' was |: precipitated with an equal 
volume of isopitopanol, collected by centrifugation, and 
the pellet res^ispended In |diethylpyrocarbonate (DEPC)- 
treated 0,4 M sodium acetat^^ pH 5.2. The RNA were then 



reprecipxtated Wit:h two volumes of 95% ethanol, washed 



with 70% and 95^ ethanol, dried, and resuspended in DKPC 
treated 0-3 i| sodium : acetate . pH5 . 2 . The 



concentration 
until use. 



25 



acetate, pH5.2. The RNA 

s determine^ and the RNA stored at -70* 



30 



35 



poly A - contaiJ^ing RNA was purified from a pool of 100 to 
150 Day 12.5 muiine embryonic hearts with a QuickPrep mRNA 
isolation Xit (Pharmacia) ;ae|: outlined by the supplier- 
ror Northern ::|lot hybridisation, 5 ^g of poly A - 

from 12,>5| -day embryonic heart was 
through ^ Sormaldehyde-agarose gel and 
blotted to a zeta-Probe nylo^ membrana (Bio-Rad) according 
to established irotocols (Sa|ibrook et al., 1989, Molecular 
Cloning - Cold ; j Spring Harbpr Laboratory Pres s ) . The 
membrane was hybridised ^i|h > ['^P] -labelled antisense 
rlboprobe syntlJasized from €he 1-6 3cb tele cDNA in run off 



containing RJC^ 
electrophoresed^ 



**9 nn uusnu *** 
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6P& RNA polymerase (Promega) 



Reverse Transcription Coupled to the Polvmerage C>^alii 

RMGtlon (M-Fcdv 

First strand was syntliesized In a total reaction 

volume of 20 ul ; containing! 20 of total RHA/ 200 units 
of Mo-MLV- reverie transcriptase (BRL) , either 1 of 
oligo-d(T),a (Day 12.5 RN&}. (Boerhinger 23anjih©ija) or 2 \xg 
of random hexaitier primers (Day 9.5 RKA) (Boerhinger 
Haxmheini), l x |cR buffer j (Cetus) , 2.5 itiM KgClg, 1 mM of 
dirrPs (Pharmacial) , 40. unitis of RNa^sin (Promega) , and 12,5 
mH dithiothreitcil . The RHA was heated to 65'C for 10 mln 
and cooled quickly on ice prior ro addition to the 
reaction componejnts . The reaction was allowed to proceed 
for 1 h at 37" and then terminated by heating for 5 lain at 
95*. For PGR, the reaction; mixture was adjusted to a final 
volume of 100 >ii containiiig 1 x PGR buffer, 1-5 mM MgClg* 
800 mM dNTPs,, and 1 ^g of each of the two degenerate 
tyrosine kinas^ oligonucleotide primers described by 
Willcs, A,P, (1989) Proc,NatI.Acad,Scl, , 86, 1603-1607, 
Amplification wks performed with a Ericomp thermocycler 
using the following parameters: denaturation for 2 min at 
94", annealing for 2 min at;. 42', and sKtension for 4 min at 
63°. After 40 cyilrles, the reaction products weare collected 
by ethanol precipitation aid electrophoresed through at 2% 
low-melt agarose (Sea Plaque) gel. In most cases a band 
of apprx>ximatelV 200 bp was visible within a background 
smear of ethidium bromide staining. This band was excised 
and recovered by three cycles of freeze-thaw in 100 jil of 
water. 10 pi of this solution was then subjected to a 
second round of PCR under the same conditions described 
above . 



t^lonini^ and secrjla neina of -Irt-PCR products ^ 

After the secoid round of ampllf ication, 10 \il of the 

reaction mixturje were aneilyzed on a gel for successful 
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The remaining 90 >il were then ethanol 
precipitated, digested with EcoKX and BamSX, gel purified, 
and ligated to pGKM72!f+ (Prowega) digested with the same 
enzymes. The ligation mijtture was then transformed into 
1IV1190 competent cells, individual amp^ colonies picXed, 
plasxnid t)HA prol>aEed, and the cDNA inserts analysed by 
single track dxdeoxyuuclebtide sequencing (Sanger, F., 
Nicklen, S- 6 Coulson, A,R. (1977). Proc.jfatl-Acad.sci. , 
74, 5463-5467)-! A single representative clone of each 
nniltiple isolate was sequenced in its entirety. Of the 58 
clones analyzed^ roughly 10% showed no sequence identity 
to tyrosine kinases and were disregarded. 

Xftolation of additional teJc c DMLA secmencea , 



Approximately IC 



hybridised with 
[^F]-dCTP by PGH 



* plaques from an amplified, random primed 



15 13.5 day murine embryonic XgtlO cDWA library were 



the 210 bp teJt PGR product labelled with 
Hybridization was carried out oi^emight 
at 55" in 50% folrmamide, 10% dextran sulfate (Pharmacia), 
0,5 % BliOTTO, 4 X SSPE (1 x SSPE- 0.18 H liaCl, 10 mM 
NaHgPO^, 1 wH EDTA, pH7.4), 100 Wg/ml Sheared salmon sperm 
cpm/ml of probe 1 Filters were washed at 
SSC containing 0.1% SDS and twice in 0.2 
0.1% SDS, dried, and exposed overnight to 
Kodak XAR-5 fiinj- One clone was isolated from this screen 
and was found ti contain a 1.6 kb cDNA. Th& sequence of 
was determined by the method of Sanger et 
a set of anchored deletions generated with 



DNA, and 2 x 10' 
55" twice in 2 x 
X SSC contatining 



the 1.6 kb cDHA 
al. (1977) from 



standardiEed kit (Erase - A Base, Promega) 



Xn situ hybridization 



30 Embryos isolated on Day 12,5 were dissected away from all 
extraembaryonic itissues whereas : embryos at earlier time 
points were recovered in utero. Embryos and adult tissues 
were fixed overnight in 4% paraformaldehyde, dehydrated 
with alcohols :;ind xylenes, and embedded in paraffin. 

35 Tissues were sectioned at 6 um thickness and mounted on 3- 
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aminopropyltxietihoxysilane treated slides (Sxgma) . After 
removal of paraffin the samples were treated with 
predigested proriase (Boerhinger Haimheim) , acetylated with 
triethanolamineJ dehydrated, and hybridized according ro 
5 the protocol described 1^7 Frohman^ N.B., Boyle, M. & 
Martin, G.R. (1990), DeTrelopmsnt , 110, 589-607. 
Dark and bright! field photomicroscopy was performed with 
a LeitB varib Orthomat 2 photomicroscopic system. 
Adjacent sectlohs probed with a teJc sense probe produced 
10 no detectable sd.gnal above background- 

Whole-mount In iltu hybridizatioins were performed using a 
modification of • existing procedures (Tautfc, D. & Pfeifle, 
C - { 1989 ) - Chromosoma, 98 , 81-85 ;Hemniati-Brivanlou, A, , 
Franck^ D., Bdlce, K.E.V, Brown, B.D*, Sive, H.I*. & 
15 Harland, R.M. (1990). DairelapmBnt , 110, 325-330; Conlon 
and Rossant, in prep.)- ■ The hybridization of single- 
stranded RHA prcibes labelled with digoxigenin was detected 
with antidig03d.genin antibodies coupled to alkaline 
phosphatase. *he En2 cVm. was prepared as set forth in 
Joyner A*I*. & liartin, G-R.: (1987). Genes MdDBv^, 1, 29- 
38 and expression of En2: is described in Davis, C,A., 
Holmyard, D^pj; Millen, K.J. & Joyner, A.Ii. (1991) 
De'^elopment , II: 287-29&- 



TmtniitiQhistochetnistrg 
25 Sections were:; stained immunohistochemically for von 
Willebrand factor with ::a commercially available kit 
(Biomeda). ifter color development, slides were 



ifter 

counterstained:ilith Harris hematoxylin. 



rxaxi^pIr; I 

30 Tfiplation and cha racterization of teJc 

To identify ahd charactetize tyrosine kinases expressed 
during murine ickrdiogeneels, cDHAs were synthesized from 
9.5 and 12.5 jcLiy embryonic heart RNA by R^T-FCR using 
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de9exierat;e oligpifiucleotide priiuers previously demons t:rat:ed 
to amplify tyrosine kinase sequences preferentially 
(WiUcB, A. P. 1989^ ProcWatl.Aead.Sei-, 86, 1603-1607), 
Considerable cellular differentiation and morphogenesis 
5 have occurred within the cardiac region of the embryo by 
I>ay 9.5* At this stage the heart has developed from the 
primordial mesoderm cells of the cardiac plate into a 
primitive bent tube structure, consisting of two 
endothelial tubes enclosed within the developing 
10 myocardium. Between Day 9-5 and 12-5 the heart undergoes 
additional cojnp^lex morphological changes in association 
with the formation of the four chambers and septa 
characteristic of the adult heart. Sequence analysis of 
58 clones obtaiiied following amplification revealed that 
15 whereas roughly ; 10% did not contain sequence similarities 
to protein kinases the^ remainder corresponded to 5 
distinct cDNfts (Table 1 - Identity and number of tyrosine 
kinase cDNA clones recovered from Day 9-5 and 12,5 murine 
embryonic heart by RI-PCR) - Pour of these cDMAs 
20 represented previously characterized tyrosine kinases 
including, baUt,; c~sra, c-abl, and the platelet derived 
growth factor receptor P-subunit (pdgfrb) - The isolation 
of hmk, c-src, i and c~ahl is consistent with the broad 
tissue distribution of these kinases (Vang, J-Y*J. & 
25 Baltimore, D. (1983). Mol /Cell, Biol • , 3, 773-779p 

Ben-Neriah et ;a2,, (1986) . Cell, 44, 577-586; Holtzman, 
Cook, W. a :Dunn, A. (1987)* Proc. Natl, Acad, Sci. , 84, 
8325-8329? Renshaw, M.W. , ; Capozza, M-A- 6 Wang, J-Y-J. 
(1988)* J!foI. Cell. Biol. , 8, 4547-4551) . The recovery from 
30 enibryonic heart; of pdgfrb at a relatively high frequency 
may indicate that pdgfrh plays an important role in 
cardiogenesis, ias has been suggested by recent studies 
demonstrating that the addition of PDGP-BB to explants of 
axolotol cardiaib field meisbderm stimulates the production 
35 of beating bodies (Huslin, A.J. & Williams, L.T. (1991)- 
Pevelopanent, 112, 1095-1101) the fifth cDHA, which was 
also isolated at high frequency, was novel and for reasons 



05/18/99 11:34 FAX 416 862 7661 1^028 



2085291 

" 25 - 

t:liai: will become clear below was designated tek* The 210 
bp RT-PCR-derived teJt clone was aubsequen1:ly used t:o 
i6olat:e additional tek cDlJA seqaences- 



rigure 1 shows 
sequence of tek 



the nucleotide^ and deduced amino acid 
Figure 2 shows the nucleotide sequence of 
a 1-6 kb tek cDMA Isolated from a 13,5 day moixse enibxyo 
cDHA library, ! Trans lar ion of this sequence reveals a 
single large open reading frame that terminates with TAG 
at nucleotide -907^ followed by 696 nucleotides of 3* 
10 untranslated sequence- Several features of the deduced 
amino acid seqiience suggest that the 1-6 kb teJ: cDNA 
encodes the cytoplasmic portion of a transmembrane RTK, 
consisting of the catalyric domain followed by a short 
carboxy-^ terminal tail of 33 amino acid residues, 

15 Figure 3 shows; a comparison of the deduced amino acid 
sequence of teJt with that of other tyrosine kinases; 
Identical sequences are denoted by periods. Dashes were 
added to allow ;f or optimal alignment- The Jclnase insert 
and conserved . ; regions of the catalytic domain are 

20 indicated beneath the aligned sequences (Hanks, S.K., 
Quinn, A.M. s : Hunter, T.; r (1988), Science, 241, 52). 
Comparative sequences shoWh are for human Ret (Takahashi, 
M. & Cooper, gJm- (1987). «oI. Cell. fliol,, 7, 137B-1385), 
and •Jtkl4 (Pattanen, J., : MSkeia, Alitalo, R. , 

25 Lehvaslaiho^ H.; s Alitalo, K. (1990) Proc.Hatl.Acad.Sci- , 
87, 8913-8917J iand murine Pig (Reid, H.H-, Wilks, A.F. 6 
Bernard, O. (1990) Proc.lii^tl.Acad.Scd,. , 87, 1596-1600)- 

As shown in Pigiuxe 3, the putative kinase domain contains 
several sequence motifs conserved among tyrosine kinases, 
30 including the tripeptide / motif -DFG, which is found iii 
almost all known kinases:, and the consensus ATP-binding 
site motifs GxdsXG followed by AXK 16 amino acid residues 
downstream (Hanks et a2;.>.; 1988). Transmembrane RTK's 
possess a methionine residue within the motif WMAIESI* of 
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conserved region vm of the catalytic domain (Han3cs et 
al., 1988) as -does tsk, and the catalytic domain is 
interrupted by a putative 21 amino acid kinase insert f a 
structural motif not found in cytoplasmic tyrosine Jclnases 
5 (Haiiks et al., 1988). 

Comparison with: other tyrosine kiiiases (Figure 3) reveals 
that the dediiced tele amino acid sequence shows 42% 
sequence identity to the mouse fihxohlast growth factor 
receptor rig (Reid et al*, 1990;; Safran, A., Avivi, Aw 

10 Orr-Urtereger, Heufeld, G., vLonai, P., Givol^ D- & 

Yarden, (1990)* Oncogene, 5,: 635-643 Sambrook, J,, 

Firitsch, E,Fp &:ManiatiSt T. (1989) • Molecular Cloning, 
Cold Spring Harbor Laboratory iPress) and 45% to the 
transmembrane RTK encoded by the human c-ret proto- 

15 oncogene (Takahashi & Cooper, G.U, (1987). ffol -Cell ,3102. , 
1, 1378-1385). In addition, striking sequence identity is 
observed to a 65 amino acid residue sequence encoded by 
Jtkl4, a putative tyrosine kiiiase cDNA isolated from 
differentiating human K562 cells by RT-PCR {Partanen, J., 

20 MakelEi, T,P., Alitalo, R-, Lehvaslaiho, H. & Alitalo, K. 
(1990) Proc. Natl. Acad. Sci,, 87> 8913-8917). Taken 
together, the results suggest that teJt encodes a novel 
RTK. 

«CftMPI^ II 

QhromosQmal mappinOL of the tek locng 

Happing of the vteJt locus was accomplished by monitoring 
the strain distribution pattern , of an AccI restriction 
site polymorphism in recombinant inbred (RI) mouse strains 
derived from matings between AKR/J (A) and DBA/2J (D) 
mice. The teJtfcDNA detects bands of 6,5, 6.1, 1.3 and 
6,5, 3 - 1 , 1.3 • kb in DKA from the A and D strains , 
respectively* Southern blot hybridiaation analysis of DNA 
from 24 RI mice with the l.S kh cDNA probe, and comparison 
0t the segregation pattern vitii.: the Jackson Laboratory 
data base, revealed 95.8% cosegregatlon between teic and 
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bo^h hrovn and , two loci that have previously been 

localized to mouse chromosoine 4; (Lyon & Searle, 1989). 
Table 2 shows the cosegregationV'of rhe tek, brown, and 
pfflv-23 loci in ! A X D strains ♦ "in Table 2 tojr each Rl 
5 strain, the symbol shoim indiceites the presence of an 
allele characteristic of the progenitor from vhlch the 
strain was derived (A* AKR/J; D, DBA/2J) . These data place 
teJt between the brovn and. pjirv-23 loci within 3.8+1.9 
centimorgans of each interval. 

Multi ple teJc-rel ated transcripts ass expresge<^ in 

embrvonic lieart 

teJb expression in embryonic heart, was examined by Northern 
blot h^ridization using an antisense probe derived from 
the 1.6 3cb teJt; cD23A. Figure 4 shows a northern blot, 
hybridization analysis of tek /expression in 12.5 day 
murine embryonic heart; Arrows.>on the left denote the 
position of migration of 28 S and 18 S ribosomal RNAs 
obtained from adjacent lane loaded with total RNA. Figure 
4 shows that the teJt probe detects 4 transcripts of 4,5, 
2.7, 2-2, and 0.8 kb in size in cardiac RNA from 12-5 day 
mouse embryos. These hybridizljig species vary 

considerably in signal intensity/ suggestijn.g that they may 
differ in relative abundance, with eKpression of the 2.7 
and 2.2 kb transcripts occurring-; at significantly higher 
levels than the 4.5 and 0.8 kbi RKAs. While the exact 
relationship among these transcripts is unclear, it is 
possible that they arise by differential splicingf since 
the 1.6 kb tak cDNA detects a single genomic locus in 
mouse vastA by southern blot hybridization at rhe same 
s tr ingency . . 

Tn situ localization of tek ojcpression dur±n<^ mouse 
embrvooene b is 

35 To determine -which cell types express teic during 
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development # RNA In situ hybridization analyses were 
performed on mouse ambryoe with:. antxsense rlboprobe 
synthesized from rhe 1-6 Jcb teJc cdna, 

Figtura 5 shows the in situ hybridization analysis of tek 
5 ejcpression in ^ the 12.5 day eiiibxyo; A. Dark field 
illumination of a para-sagittal -.section . Bar: 600pm. B- 
and C, Bright and dark field illumination respectively, of 
the heart region taken from a micl-sagittal section. Bar: 
300 um. IV and VI, fourth and sixth aortic arches; A, 
10 atrium; BA, basilar artery; :.CV, caudal vein; E/ 
endocardium; I«, liver; Ji, leptomeninges ; Ma, mandible; My, 
myocardium ; PC , ; per ic ardial cavity ; RA , renal artery ; SS , 
sino-auricular septum; SV, sinus :yanosu5; ventricle. 

Figure 5A shows- that in 12.5 day mouse embryos, expression 

15 of tek is readily detected in the heart, the leptomeninges 
lining the brain and spinal cord,;' and the inner lining of 
major blood vessels, including the caudal vein and basilar 
and renal arteries. In addition, thin bands of 

hybridiaation cire observed in the intersoxnite regions, 

20 corresponding to tajt estpression in the Intersegmental 
vessels. Close examination bf the region of the 
developing heart (Figure SB and .5C) reveals that tek is 
expressed in the endocardium, as ; well as in cells lining 
the lumina of the atria, the IV aiid VI aortic arches, the 

25 sinus venosus,;' and the sino-duricular septum. Xn 
addition, tak expression is observed in numerous small 
blood vessels perforating . the liver and mandible. These 
observations, together with the overall pattern of 
hybridization seen in the 12.5 .day embryo, demonstrate 

30 that tek is e^ressed in the endothelial cells of the 
tunica interna, : the innermost lining of the blood vessels; 
hence the designation tunica interna endothelial cell 
kinase, tek. 



More detailed information on tek; expression was obtained 
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tlurough analyslig of sect^ions from earlier developmental 
stages. Hybrldiization to 6.5 and 7 day CTibryos revealed 
that while teJc ;is expressed strongly in the inner lining 
of the small blood vessels and capillaries of the maternal 
5 decldua# no expression is observed in either the embryo 
itself or the fetoplacental cone- The absence of teJc 
expression at these stages is consistent with the fact 
that at 6.5 to;: 7 days the exiibjcyo contains only a small 
amovint of mesoderm from which endothelial cells are known 
10 to be derived* 

Figure 6 shows the expression of tek precedes that of von 
Willebrand factor in 8.5 day embryos. Adjacent transverse 
sections through an 8-5 day embryo fiaced in utero were 
either hybridieed in situ with an [^^S] -labelled teJc probe 

15 or stained imnninohistocheinically for von Willebrand 
factor. A, Bright field illumination of teic expression. 
Bar: 300 B'J Dark field illumination of section in A. 

C. High magnification of a blood island, slightly out of 
the field shown in A, depicting silver grains over flat, 

20 elongated cells of endothelial -liXe morphology. Bars 50 
^m. D. Adjacent section to A at higher magnification 
showing absence: of expression of von Willebrand factor in 
the embryo. Bars 100 yaa. E- Adjacent section to A at 
higher magnification showing expression of von Willebrand 

25 factor in the endothelial lining of the blood vessels of 
the maternal decidua. Bar: 200 iim. F. High magnification 
of cephalic region in A : showing silver grains over a 
large, round ceil of angioblast-like morphology (arrow). 
Bars 50 jan- G- Bright field illumination of a sagittal 

30 section of an 8-5 day embryo hybridized in situ with an 
[^S]-labelled tek probe. Bars 300 pm. H. Dark field 
illumination of G- I. Higher magnification of heart 
region in A showing silver grains over cells with 
endothelial- and angiobiast-like morphology in the 

35 developing endckrardium. Bar: . 100 lun. J- Higher 
magnification of somite region in A showing teic-expressing 
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cells extending beneatii, and possibly from, the ventral 
Buxface of the somites. Bar: 100 |iin- A, amnion; Ag, 
presumptive angioblast; BI, blood island; D, maternal 
decldua; PAr dorsal aorta; Br endocardium; Ec, 
5 ectoplacental cone; En, endothelial cell; G, foregut; HV, 
head vein; HP, neural fold; S, somite; yolk sac, 

KKA in Bltu anklysxs of 8.0 day embryos revealed that teic 
expression first becomes detectable in the developing yol3c 
sac and a few; small clusters of cells In the cephalic 

10 mesenchyme. This expression becomes more pronounced by 
Day 8.5, at vhich time significant hybridization can be 
observed in the mesodermal component of the amnion ( outer 
cell layer) and' yolk sac (inner cell layer), as well as Ln 
the developing endocardium EUid . the inner linijog of the 

15 head vedLna and dorsal aortae (Figure 6 A and 6B) . In 
addition, sagittal sections reveal numerous focal areas of 
hybridization .throughout the cephalic mesenchyme in 
regions thought": to contain developing vasculature, as well 
as a small number of teJk-expressing cells extending 

20 beneath the ventral surface of the somites (Tigure 6H and 
6J) • 

^hole mount in : situ hybridization emalyaia confirmed and 
extended the above observations, as well as provided a 
three dimensloiial perspective on teJc expression during 

25 embryogeneais . • Figure 7 shows te^ expression in whole 
mount eoibryos; V A. , B., C- and D. teJt expression in Day 
8.0 embryos, B. tek mRKA distribution in a Day 9*5 
embryo. F. Bn2 expression in a Day 8 embryo. I, II, 111, 
first, second ^nd third aortic arches; DA- dorsal aorta; 

30 E, endocardium; G, foregut pocket ; H, heetrt; IS, 
intersegmental vessel; My, mypcardium; ; NP, neural fold; 
OT; otic vesicle; V, vitelline vein; Y, yolk sac* Bars: 
250 pm. 

Consistent with; the observations with sectioned material. 
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locallzad teJc expression was not observed on ethbzyonlc 
Day 7. The flrsr detectable expression was seen about the 
time of first eomlte formation when signal was observed In 
the yolk sac, rhead mesenchyme and heart. In Day B.5 
5 embryos r teJ^ vas found to be escpressed in these same 
areas, and in -ithe paired dorsal aortae, the vitelline 
veins, and in the forming intersegmental vessels 
(Figure 7). By this time, teJt expression was clearly 
confined to blobd vessels within the embryo. On Day 9, 
10 teJt expression was seen in addition, in the aortic arches 
and expression;; was very striking in the endocardium 
(Figure 7E) - Control hybridizations with an Bn-2 probe 
demonstrated th^ specificity of tek RHA detection (Figure 
7F). 

15 ^AMPT.K y 

Bxprassion of teAr in endothelial cell progenitors 
The observation; that tek is expressed between Day 8.0 and 
8.5 in focal regions thought to represent developing blood 
vessels raised the possibility that teJc might be expressed 

20 in endothelial cell progenitors- Indeed, close inspection 
of hybridized sections from 8 to 8.5 day embryos revealed 
that while the expression of teic in the maternal decidua 
is restricted tb cells of an endothelial cell morphology, 
t&k expressing cells in the embryo are of two 

25 morphologically- distinct cell types. In the developing 
blood islands bf the yolk sac, where tek expression is 
first detected #^ silver grains are localized predominantly 
to elongated cells with characteristic endothelial cell 
morphology (figure 6C)- In contrast, within the cephalic 

30 mesenchyme, silver grain? are frequently observed over 
large, round .bells that, on. the basis of similar 
morphology to cells described: during avian embryogenesis 
(Fardanaud et -al., 1987; Coffin & Foole, 1988; Noden, 
1989; Noden, :1991), correspond to angioblasts, the 

35 presumptive progenitor of endothelial cells (Figure 6F). 
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Beth cell t:ypes:^are observed Lh the developing andocardlum 
(Figure 61) vhich, at later stages, is Jcnown to contain 
only fully matuxe endothelial - cells . 

To characterise more precisely the staging of teJt 
5 expression vlthin the endothelial lineage, sections 
adjacent to those used for in situ hybridization were 
stained iinmunob3.stochemically; for von Willebrand factor, 
a veil characterized marker of mature endothelial cells 
(Jaffe, B-A- , Hoyer , L-W, & Nachman, R-I*. (1973). 

10 J. Clin. Invest. /J 52, 2757-2764; Hortnia, M. , Lehto, V,-P. & 
Virtanen, I. (1984), Sux.J^Cell.Blol., 33, 217-228), 
Figure 6b and H shows that whereas tek Is expressed in 
both the maternal decidua and the embryo at Day 8.5, 
expression of Von Willebrand factor is observed only in 

15 the teir-expresslng, vascular endothelial cells of the 
maternal deciduk (Figure 60 and 6E] . Hence teJt expression 
precedes that.:; of von Willebrand factor during 
embryogenesis. -t ^The same scenario is observed at later 
developmental stages during vascularization of individual 

20 organs. 

Figure 8 shows the expression of - tek precedes that of von 
Willebrand factor in the developing leptomeninges ; A. 
Absence of immuhohistochemical staining of von Willebrand 
factor in Day 12.5 leptomeninges . Arrow denotes a large 
blood vessel faintly positive: for von Willebrand factor - 
B. In situ detection of teir expression in Day 12.5 
leptomeninges . C . Staining of von Willebrand factor in Day 
14.5 leptomeninges. Day 14-5 ieptomeninges were positive 
for teic escpxesslon (not shown) «; M, leptomeninges. Barsr 
200 )UD- 

Figure 8 shows tbxat in the 12,5 day embryo, the developing 
leproxneninges hybridizes strongly with teJt but fails to 
stain positive .^or von Hillelxraiid factor. By Day 14.5, 
however, expression of von Willebrand factor can be 
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readily detected in the leptomeninges . Assuming that 
there is not a^: significant lag between transcription and 



translation of .ivon Wlllebrand 



factor* these observations. 



together with {those on the morphology of teJt-expressing 
B cells, suggest^ that teJz is: expressed in both mature 
endothelial cells and their progenitors. 

tek is expr essed in adult vaaculature 

While the above results establish that tek is expres sed 
10 during vascularization of the embryo, it was also of 
interest to detezmine whether expression of tek Is 
maintained in ^endothelial cells of the adult. xn situ 
hybridization ianalysis of a- section through the heart 
region of a -3 week-old mouse revealed that tek is 
15 expressed in :!the endocardium as well as in the 
endothelial liiklng of major blood vessels, both arteries 
and veins, connecting with the adult heart ( Figure 9). 

Figure 9 shows .the expression ;o£ tele in adult vasculature. 
A* Bright field Illumination of a section through the 

20 upper heart region of a 3 week*-old mouse hybridized with 
an [^S]-labelIed teJc probe/L Bari 20 pm. B* and C. 
Bright field :^illumlnation showing tek expression in 
endothelial cells lining the aartery and vein respectively. 
Bar: 1 \m, : tmmunohi s t ochemlc al staining of adjacent 

25 sections revealed that structures positive for teJt 
expression also stained positive for von Wlllebrand 
factor* A, artery; Bl, extrayasated blood; T, trachea; V, 
vein . ) . 

The Intensity :;of the hybridization signal observed for 
30 these structures is consideraibly lower than that observed 
for the endocaildium and blood-vessels of 12*5 day embryos 
hybridized and {processed in parallel. This could Indicate 
that mature eiidothellal cells, which are thought to be 
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resting, have different quan-titative or qualitative 
requirement for-; expression of teJt. 
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Table J: Prot^ tynisibe kinase cDNAs Isolated by RT-PCR 



Embryonic Age 

(Days) cDNA 



I let pdgp6 c-iAi CS0C Ami: 
9,5 I 26 7 2 1 I 

123 is 10 - 
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TABI-P. 2. CosegrcgatioB of; the lek, bnnm,iand pmf-23 loci In A x D strains. 



A X D strain 

Locus 1 2 3 6 7 8^1 9 10111213:1415 1618 202122 23 24 25 26 27 28 

tek DDADDA^AADA D: A DDDDADDADDDD 
brami DDADDAAADA A A DDDDADAADDDD 
pmv-23 DDADDAiDADA D:D D A D D ADDADDDA 
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THS EMBODIMBKTS OP THE INVKNTIOU IN WHICH AW EXCIiTJSlVB 
PROPEHTT OR PRIVHiBGB IS CIAIMED ARE DEFINED AS FOLLOWS: 

1. A purified and isolated DNA segment having a 
sequence vhich codes for a receptor tyrosine Icinase 
pxotein which is expressed only in cells of endotihelial 
lineage, or an oligonucleotide fragment of the DJOA segment 
which is unique to the receptor tyrosine kinase protein. 

2. A purified and isolated DNA segment having a 
sequence which codes for a . receptor protein having an 
amino acid sequence which has substantial homology with 
the amino acid sequence as sliown in Figure 1. 

3. A purified and isolated DMA segment having a 
sequence having substantial; sequence homology with the 
nucleotide sequence as shown in Figure 1. 

4. A purified and isolated double stranded 
nucleotide sequence comprising a DNA segment as claimed in 
claim 1^ hydrogen bonded to a complementary nucleotide 
base sequence . 

5 . A recombinant : ; molecule adapted for 
transformation of a host ceil comprising a DNA segment as 
claimed in claim 1 and an . eacpression control sequence 
operatively linked to the DKA molecule » 

6. A trans formant host cell including a recombinant 
molecule comprising a DNA segment as claimed in claim 1 
and an expression control sequence operatively linked to 
the DNA segment.; 

7. A method for preparing a receptor tyrosine 
kinase protein, utilizing a purified and isolated DNA 
segment as claimed in claim 1, 
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8. A sx&batant:iaU.y pure receptor tyrosine kinase 
protein wliicli is expressed only in cells of the 
endothelial lineage or isofbrms thereof. 

9 . A sTibstantially pure protein having on amino 
acid sequence which has substantial homology with the 
amino acid sequence as shown in Figure 1. 

10* A protein encoded iby the purified and isolated 

DNA segment as claimed in claim 1 or 2* 

11- A method for identifying ligands which are 

capable of binding to a receptor tyrosine kinase protein 
which is only expressed in cells of the endothelial 
lineage, isoforms thereof,- or part of the protein, 
comprising reacting a receptor kinase protein which is 
only expressed in cells of the endothelial lineage, 
isoforms thereof, or part of the protein, with at least 
one ligand which potentially^ is capable of binding to the 
protein, Isoform or part of the protein, under conditions 
which permit the formation- of ligand-receptor protein 
complexes, and assaying for ligand-receptor protein 
complexes, for free ligand or for non--complexed proteins. 

12. The method as claimed in claim 12, wherein 

ligands are identified which are capable of binding to and 
activating the a receptor tyrosine kinase protein which is 
expressed oiay in cells of the endothelial lineage, 
isoforms thereof, or part of: the protein - 

13* The method as claimed in claim 12, wherein the 

ligands which bind to and . activate the novel receptor 
tyrosine kinase receptor of the invention are identified 
by assaying for protein tyrosine kinase activity. 

14 . A method of assaying a medium for the presence 

of a substance that affects the interaction of a receptor 
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tyrosine kinase pzoteln which JLa expressed only In cells 
of "the endothelial lineage. 

15. A method for assaying a medium for the presence 
of an agonist, or antagonist of the interaction o£ a 
receptor tyrosine kinase protein which is expressed only 
in cells of the endothelial lineage, which comprises 
providing a known concentration of a receptor tyrosine 
Jcinase prorein which is only expressed in cells of the 
endothelial lineage, incubating the protein with a ligand 
which is capable of binding to the protein and a suspected 
agonist or antagonist si2bstance under conditions which 
permit the formation of llgarid-receptor protein complexes, 
and assaying for ligand-receptor protein complexes, for 
free ligand or for non*coinplexed proteins. 

16. A method as claim in claim 11 or 15, wherein the 
receptor tyrosine kinase protein has an amino acid 
sequence which has substantial homology with the amino 
acid sequence as shown in Pigure 1« 

17. A method as claim in claim 11 or 15, wherein the 
receptor tyrosine kinase protein is encoded by the 
purified and isolated DNA segment as claimed in claim 1, 

18. A method as claim in claim 11 or 15, wherein the 
receptor tyrosine kinase protein is encoded by a DMA 
segment which has substantial sequence homology with the 
nucleotide sequence as shown in Figure 1. 
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1 ATCAABTTTCAA(yu:6TMTCG6AGAECGCAACTTTCSCCAGGT7C7CAACGUi:caiTCAAGAAGGATE 70 
1 nrQDVICCGKFG QVLlCARIKKDG 
7 1 GG7TACG&ATGGATGCC6CCATCAA(UGGA1GAAACAGTAT6CC1CCAAAGAT6ATCAC AGGGACT TCGC ] 40 

LRHOAAlRftHKE VASKDDHRDFA 
m AGGAGAACTGGAGSTTCTTTGlAAACnGGACACCATCCAAACATCATTAATCTCTTGGGAGCATGTGAA 210 

GELEVlCiCLGHHPNIINLLGACE 
2 1 1 CACCGACGCTATTTGTACCTAGCTAnCAGTATGCCCCGCATGCAAACCTCCTGGACTTCCTCCGTAAGA 280 

HRCYLYLAIEVAP BGMLIDFLRICS 
IB\ GCAfiAGtecTAGAGACAGACCCTCCrmGCCATtGCCAACAGlACAGCTrCCACAClGTCCTCCCAACA 350 

RVLETDFAFAIA NSTASTLSSQQ 
3S1 GCmTTCATTTTa'IGCASATGTGGCCCGfiSSGATGGACTACnCAGCCAGWCAGTlTAlCCACAeG 420 

LLH FAADVARGKDTLSQKQF tHR 
421 GACCTGGCTGCCAGAAACAnTTAGnGGTGAAAACTACATAGCCAAAATAGCAGAlTTTGBATTGTCAC ^90 

DLAARNILVGERt lAlCIADFGLSR 
491 GAGGTCAAGAAGTGTATCTGAAAAAGACAATGGGAAGGClCCCAGTGCGTlGGATCGCAATCGAAtCACt 5^0 

GQ EVYVXKTNGR LPVRVHA I t SI 
561 GAACTATA&TCtCTATACAACCAACftGTGATGnCTGGTCtTATCGTBTATTGCTCTGGGAGATTGTTAGC 630 

NYSVTTTNSDVWSYGVLLHE IVS 
631 TTAG6AGCCACCCCC7ACYCCCGCATGACGTGCGCGGAGCTCTAYCAGAACCTACCCCACGGCTACA6GC 700 

LGG7PYC6K7CAE. lYtKLFQGYRL 
701 7GGA6AABCCCC7GAAC7GTGA7GA7GAGG7GTA7GA7C7AA7GAGACAG76C7G6AGGGAGAAGCCT7A 770 

EKPLMtOOEVYD.lMROCWREKPY 
771 7G*GAGACCA7CA777GCCCAGA7ATTGG7G7CC77AAACAGGA7CCTG6AA6AACGCAAGACA7ACB76 840 

ERPSFAQILVSLNRHLEERKTYV 
e« 1 AACACCACAC7fi7A76AGAAGTrTACC7A76CAGGAA77EAC7GCTC7CCC6AAGAA6CAGCC7 AGAGCA 9 1 0 

N7TlYEICFTY AGi:0CSAEEAA* 
9 1 1 GAACTCT7CA7CTACAACBCCCATT7C7CC7CAC7GGtCCCAGACCC7TGACACCTG7ACCAABCAACCC 980 
981 ACCCAC7GCCAAGACATGTGA7A7A7AAG7G7A7ATArrB7GC7e7G7nG66ACCC7CC7CA7ACAGC7 1050 
1 D51 C676CGGATCTGCA6767GnC7GACTC7AA7GTGAC76TATA7AC76C7C66AG7AAGAAT676C7AAG 1 1 20 
1 121 A7CAGAA7GCCTGT7CG7667T7CA7A7AATA7ATTTnC7AAAAGCA7ACA77GCACABCAAGC7A7GA 1 190 
U 9 1 G7 ACAAA7ACTGTAA7GCA7AAC77GT7 ATTGTCC7AGA7G7GTTTGACA7n77CC7n ACAftC7GAA7 1 260 
1 261 GCTA7AAAA67GTTTTBCT6TG7GCGCG7AAGA7AC7C77CGnAAAA7AACCAnCCC776ACAGCACA 1330 
1331 CCAAGAAAAGCGAGGGAAA7CTA7GGAT7A7A7TAAA7G7GGGT7AC7ACACAAGA6GCCGAACA77CCA 1400 
1401 A67AGCAGAAGAGAGB67C7C7CAAC7C7GC7CCTCACCTGCAGAAGCCAGT77G777GGCCA7GTGACA 1470 
1471 A77G7CCTGlG7777TA7AGCACCCAAA7CAT7C7AAAA7AT6AACATnAAAAAC7TTGCTAGGAGAC7 15*0 
1541 AAGAACC777GGAGAGATA6A7A7AAG7ACGG7CAAAAAACAAAAC7GCGCCA7GGtACCC 1601 
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FIGURE 5 
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FIGURE 9 



